4-1BB chimeric antigen receptors.
In addition to T-cell receptor signals, T lymphocytes require costimulatory signals for robust activation. Among these, those mediated by 4-1BB (CD137, TNFRSF9) are critical for tumor immunity. 4-1BB is expressed in T-cell receptor-activated lymphocytes as well as natural killer cells and other hematopoietic and nonhematopoietic cells. 4-1BB ligation induces a signaling cascade that results in cytokine production, expression of antiapoptotic molecules, and enhanced immune responses. In line with the described function of 4-1BB, its addition to CD3ζ chimeric antigen receptors (CARs) increases their capacity to provoke T-cell expansion and antitumor activity. The results of preclinical studies with 4-1BB CARs have been corroborated by encouraging results from clinical trials. Advantages and disadvantages of 4-1BB CARs versus CARs bearing other costimulatory components remain to be fully elucidated. In this review, we discuss the properties of 4-1BB, the design of 4-1BB CARs, and the function of T lymphocytes and natural killer cells expressing them.